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Description 

[0001] The present invention relates to a thermal bar- 
rier coating applied to the surface of a superalloy article 
e.g. a gas turbine engine turbine blade, and to a method 
of applying the thermal barrier coating. The invention 
particularly relates to ceramic thermal barrier coatings 
more particularly to stabilised zirconia thermal barrier 
coatings. 

[0002] The constant demand for increased operating 
temperature in gas turbine engines was initially met by 
air cooling of the turbine blades and the development of 
superalloys from which to manufacture the turbine 
blades and turbine vanes, both of which extended their 
service lives. Further temperature increases necessitat- 
ed the development of ceramic coating materials with 
which to insulate the turbine blades and turbine vanes 
from the heat contained in the gases discharged from 
the combustion chambers, again the operating lives of 
the turbine blades and turbine vanes was extended. 
[0003] It is known in the prior art to apply these ce- 
ramic coating materials by the thermal, or plasma, spray 
process onto a suitable bond coating, for example a 
MCrAlY alloy bond coating, which has been applied to 
the metallic substrate. 

[0004] It is also known in the prior art to apply these 
ceramic coating materials by the physical vapour depo- 
sition process onto a suitable bond coating which has 
an alumina interface layer, for example a MCrAlY alloy 
bond coating, which has been applied to the metallic 
substrate. 

[0005] It is also known in the prior art to apply these 
ceramic coating materials by plasma spraying or by 
physical vapour deposition processes onto an oxide lay- 
er on the metallic substrate. 

[0006] The ceramic thermal barrier coatings deposit- 
ed by the physical vapour deposition technique have 
benefits over the ceramic thermal barrier coatings de- 
posited by plasma spraying. The main benefit is im- 
proved thermal shock resistance due to the columnar 
structure of the ceramic thermal barrier coating pro- 
duced by the physical vapour deposition process. Other 
benefits are improved erosion resistance and improved 
aerothermal performance. 

[0007] However, despite these advantages, the ce- 
ramic thermal barrier coating deposited by the physical 
vapour deposition technique exhibits a thermal conduc- 
tivity which is greaterthan that of a ceramic thermal bar- 
rier coating, of the same or similar composition, depos- 
ited by the plasma spray process. For example the ther- 
mal conductivity of a zirconia-8wt% yttria ceramic ther- 
mal barrier coating deposited by the PVD process is 2.0 
W/m/K and the thermal barrier conductivity for the same 
ceramic thermal barrier coating deposited by the plasma 
spray process is 0.8-1.0 W/m/K. If all other factors are 
Jhe.sameJor-the-two-metriods-of-deposition-or-the^e" 
ramie thermal barrier coating, the greater conductivity 
of the ceramic thermal barrier coating deposited by the 



PVD process means that a greater thickness of ceramic 
is required to achieve the equivalent insulating effect 
when compared to the ceramic thermal barrier coating 
deposited by the plasma spray process. This is an un- 

5 desirable property because this necessitates a greater 
weight of ceramic thermal barrier coating on the metallic 
components of the gas turbine engine, and this is par- 
ticularly undesirable for rotating components, e.g. tur- 
bine blades, because the additional weight may limit the 

10 temperature of operation due to a corresponding reduc- 
tion in creep life of the metallic turbine blade. 
[0008] Our European patent EP0628090 discloses 
one method of reducing the thermal conductivity of a ce- 
ramic thermal barrier coating deposited by physical va- 

15 pour deposition, in which layers are produced in the co- 
lumnar grains by depositing alternately by pure physical 
vapour deposition and by plasma assisted physical va- 
pour deposition. The layers in the columnar grains in- 
crease the resistance to heat transfer through the ce- 

20 ramie thermal barrier coating. 

[0009] It is known from European patent EP01 66097 
to provide a ceramic thermal barrier coating of zirconia 
with a first metallic oxide, yttria, to stabilise the zirconia 
and a second metallic oxide, ceria, to reduce the thermal 

25 conductivity of the ceramic thermal barrier coating. The 
cerium ion has an ionic radius different to the ionic radius 
of the zirconium ion and hence reduces phonon thermal 
conductivity. 

[0010] It is also known that the addition of a second 
30 metallic oxide to zirconia stabilised with a first metallic 
oxide, yttria, reduces the phonon thermal conductivity if 
the second metallic ion has a valency different to the 
zirconium ion because of the appearance of extra va- 
cancies in the zirconia lattice. 
35 [0011] It is known from GB1519370 to provide a ce- 
ramic thermal barrier coating of zirconia with a first me- 
tallic oxide, yttria, magnesia, calcium oxide, lanthana or 
ceria, to stabilise the zirconia and a second metallic ox- 
ide, nickel oxide, zinc oxide or cobalt oxide to tailor the 
40 thermal shock resistance of the ceramic thermal barrier 
coating. 

[0012] The present invention seeks to provide a sta- 
bilised zirconia thermal barrier coating which has re- 
duced thermal conductivity. 

45 [0013] The present invention provides a metallic arti- 
cle comprising a bond coating on the metallic article and 
a ceramic thermal barrier coating on the bond coating, 
heat being transported through the ceramic thermal bar- 
rier coating by phonon thermal conductivity and photon 

50 thermal conductivity, the ceramic thermal barrier coating 
comprising zirconia, a first suitable metallic oxide to sta- 
bilise the zirconia and a second metallic oxide to reduce 
the thermal conductivity of the ceramic thermal barrier 
coating, the metallic ion of the second metallic oxide has 

55 an ionic radius different to the ionic radius of th e.zkco- 
niuhTion to reduce phonon thermal conductivity of the 
ceramic thermal barrier coating, the second metallic ox- 
ide is a different metallic oxide to the first metallic oxide, 
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the second metallic oxide is erbia or neodymia and ab- 
sorbs energy in the 0.3 micrometers to 5 micrometers 
waveband to reduce photon thermal conductivity of the 
ceramic thermal barrier coating or the second metallic 
oxide is dysprosia, erbia, europia, gadolinia, neodymia, 
praseodymia orytterbia and the ceramic thermal barrier 
coating (18) comprises a third metallic oxide which ab- 
sorbs energy in the 0.3 micrometers to 5 micrometers 
waveband to reduce photon thermal conductivity of the 
ceramic thermal barrier coating, the third metallic oxide 
is nickel oxide, cobalt oxide or chromium oxide, the third 
metallic oxide is a different metallic oxide to the first me- 
tallic oxide and to the second metallic oxide. 
[0014] Preferably the ceramic thermal barrier coating 
comprises 4 to 20wt% of the first metallic oxide, 5 to 
25wt% of the second metallic oxide and the balance is 
zirconia plus incidental impurities. 
[0015] Preferably the ceramic thermal barrier coating 
comprises 2 to 25mol% of the second metallic oxide. 
[0016] Preferably the ceramic thermal barrier coating 
comprises 2at% to 25at% of the metallic ion of the sec- 
ond metallic oxide. 

[0017] The first metallic oxide may be yttria, calcia, 
ceria, magnesia, India, scandia or ytterbia. 
[001 8] The bond coating may comprise a metal oxide, 
preferably alumina, layer on the metallic article. 
[001 9] The bond coating may comprise an aluminide, 
a platinum aluminide, an MCrAlY alloy or other alumin- 
ium containing alloy coating on the metallic article and 
a metallic oxide, preferably alumina, layer on the bond 
coating. 

[0020] The bond coating may comprise an aluminium 
containing alloy coating on the metallic article, a plati- 
num enriched aluminium containing alloy layer on the 
aluminium containing alloy coating, a platinum alumi- 
nide coating on the platinum enriched aluminium con- 
taining alloy layer and an alumina layer on the platinum 
aluminide coating. 

[0021 ] The bond coating may comprise a platinum en- 
riched outer layer on the metallic article and metallic ox- 
ide layer on the platinum en riched outer layer on the me- 
tallic article. 

[0022] The metallic article may comprise a nickel su- 
peralloy or a cobalt superalloy 
[0023] The present invention also provides a method 
of applying a thermal barrier coating to a metallic article, 
comprising the steps of:- forming a bond coating on the 
metallic article, applying a ceramic thermal barrier coat- 
ing to the bond coating, heat being transported through 
the ceramic thermal barrier coating by phonon thermal 
conductivity and photon thermal conductivity, the ce- 
ramic thermal barrier coating comprising zirconia, a first 
metallic oxide to stabilise the zirconia and a second me- 
tallic oxide to reduce the thermal conductivity of the ce- 
ramic thermal barrier c oating, the metallic ion of the sec- 
"o7iaifietallicoxicle"having an ionic radius different to the 
ionic radius of the zirconium ion to reduce phonon ther- 
mal conductivity of the ceramic thermal barrier coating, 



the second metallic oxide is a different metallic oxide to 
the first metallic oxide, the second metallic oxide is erbia 
or neodymia and the second metallic oxide absorbs en- 
ergy in the 0.3 micrometers to 5 micrometers waveband 

5 to reduce photon thermal conductivity of the ceramic 
thermal barrier coating or the second metallic oxide is 
dysprosia, erbia, europia, gadolinia, neodymia, praseo- 
dymia or ytterbia and the ceramic thermal barrier coat- 
ing comprises a third metallic oxide which absorbs en- 

10 ergy in the 0.3 micrometers to 5 micrometers waveband 
to reduce photon thermal conductivity of the ceramic 
thermal barrier coating, the third metallic oxide is nickel 
oxide, cobalt oxide or chromium oxide, the third metallic 
oxide is a different metallic oxide to the first metallic ox- 

15 ide and to the second metallic oxide. 

[0024] The present invention will be more fully de- 
scribed by way of example with reference to the accom- 
panying drawings, in which:- 

20 Figure 1 is a cross-sectional diagrammatic view 
through a metallic article having a thermal barrier 
coating according to the present invention, 
Figure 2 is a cross-sectional diagrammatic view 
through a metallic article having another thermal 

25 barrier coating according to the present invention, 
Figure 3 is a cross-sectional diagrammatic view 
through a metallic article having a further thermal 
barrier coating according to the present invention, 
Figure 4 is a cross-sectional diagrammatic view 

30 through a metallic article having a further thermal 
barrier coating according to the present invention, 
and 

Figure 5 is a graph of thermal conductivity against 
atomic % of erbia or ytterbia. 

35 

[0025] Referring to figure 1 , illustrating the present in- 
vention there is shown part of a superalloy article 1 0 pro- 
vided with a multi-layer thermal barrier coating indicated 
generally by numeral 12. It is shown in the as manufac- 

40 tured condition. The thermal barrier coating 12 compris- 
es a bond coating 1 4 on the superalloy substrate 1 0, an 
oxide layer 16 on the bond coating 14 and a ceramic 
thermal barrier coating 18 on the oxide layer 16. The 
bond coating 14 is generally an aluminium containing 

45 alloy for example a MCrAlY alloy, a nickel aluminide, a 
cobalt aluminide or a platinum aluminide. The oxide 
generally contains alumina together with other oxides. 
[0026] Another embodiment of the present invention 
is illustrated in figure 2 which shows part of a superalloy 

50 article 20 provided with a multi-layer thermal barrier 
coating indicated generally by numeral 22. It is shown 
in the as manufactured condition. The thermal barrier 
coating comprises a bond coating on the superalloy sub- 
strate 20, an oxide layer 32 on the bond coating and a 

55 ceramic thermal barrier coati ng J34-onJhe-oxide-laver- 
32. The bond coating comprises an aluminium contain- 
ing alloy coating 24 on the metallic substrate 20, a plat- 
inum enriched aluminium containing alloy layer 26 on 
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the aluminium containing alloy coating 24, a platinum 
aluminide coating 28 on the platinum enriched alumini- 
um containing alloy layer 26 and a platinum enriched 
gamma phase layer 30 on the platinum aluminide coat- 
ing 28. The oxide layer 32 is on the platinum enriched 
gamma phase layer 30. The oxide generally comprises 
very pure alumina. 

[0027] A further embodiment of the present invention 
is illustrated in figure 3 which shows part of a superalloy 
article 40 provided with a multi-layer thermal barrier 
coating indicated generally by numeral 42. It is shown 
in the as manufactured condition. The thermal barrier 
coating comprises an oxide layer 44 on the superalloy 
article 40 and a ceramic thermal barrier coating 46 on 
the oxide layer 44. 

[0028] Another embodiment of the present invention 
is illustrated in figure 4 which shows part of a superalloy 
article 50 provided with a multi-layer thermal barrier 
coating 52. It is shown in the as manufactured condition. 
The thermal barrier coating 52 comprises a bond coat- 
ing 54 on the superalloy substrate 50, an oxide layer 56 
on the bond coating 54 and a ceramic thermal barrier 
coating 58 on the oxide layer 56. The bond coating 54 
comprises a platinum enriched outer layer on the super- 
alloy substrate 50. The platinum enriched outer layer 
comprises a platinum enriched gamma prime phase in 
the platinum enriched gamma phase matrix. The plati- 
num enriched gamma prime phase breaks down to the 
platinum enriched gamma phase to release aluminium 
to form alumina in the oxide layer 56. 
[0029] A conventional ceramic thermal barrier coating 
comprises 4 to 20wt% of one of yttria, ytterbia, ceria, 
india, scandia or magnesia and the remainder is zircohia 
plus incidental impurities. The yttria, ytterbia, ceria, in- 
dia, scandia or magnesia is added to the zirconia to sta- 
bilise the zirconia in the tetragonal crystal structure. 
[0030] The ceramic thermal barrier coatings shown in 
figures 1 , 2, 3 and 4 preferably comprises 4 to 20wt% 
of one of yttria, ytterbia, ceria, india, scandia or magne- 
sia, 4 to 25mol%, or 5 to 25wt%, of one of erbia or neo- 
dymia and the remainder is zirconia plus incidental im- 
purities. This is equivalent to adding about 2 to 25 at% 
of the metallic ion of the erbia or neodymia. The erbia 
or neodymia is added to a conventional stabilised ce- 
ramic thermal barrier coatings in order to reduce the 
thermal conductivity of the ceramic thermal barrier coat- 
ing. 

[0031 ] Alternatively the ceramic thermal barrier coat- 
ings shown in figures 1,2,3 and 4 comprises 4 to 20wt% 
of one of yttria, ytterbia, ceria, india, scandia or magne- 
sia, 4 to 25mol%, or 5 to 25wt%, of one of dysprosia, 
erbia, europia, gadolinia, neodymia, praseodymia or yt- 
terbia, one of nickel oxide, cobalt oxide or chromium ox- 
ide and the remainder is zirconia plus incidental impuri- 
ties. This is equivalent to adding about 2 to 25at% of the 
metallic ion of the dysprosia, erbia, europia, gadolinia, 
neodymia, praseodymia or ytterbia. The dysprosia, er- 
bia, europium, gadolinia neodymia, praseodymia or yt- 



terbia and the nickel oxide, cobalt oxide or chromium 
oxide are added to a conventional stabilised ceramic 
thermal barrier coatings in order to reduce the thermal 
conductivity of the ceramic thermal barrier coating. 

5 [0032] Referring to figure 5, which shows the theoret- 
ical thermal conductivity of yttria stabilised zirconia with 
varying amounts of replacement of zirconium with er- 
bium or ytterbium in atomic%, it is seen that as the atom- 
ic% of erbium or ytterbium increases from 0 atomic% to 

10 30 atomic% the theoretical thermal conductivity of the 
ceramic thermal barrier coating reduces from 1 .4 W/mK 
to 1.1 W/mK. Thus a 2 at% replacement of zirconium 
with erbium would reduce thermal conductivity of the ce- 
ramic thermal barrier coating by 3.5%, a 4 at% replace- 

15 ment of zirconium with erbium would reduce thermal 
conductivity of the ceramic thermal barrier coating by 
7%, a 8at% replacement of zirconium with erbium would 
reduce thermal conductivity of the ceramic thermal bar- 
rier coating by 1 0%, a 15 at% replacement of zirconium 

20 with erbium would reduce thermal conductivity of the ce- 
ramic thermal barrier coating by 18% and a 32 at% re- 
placement of zirconium with erbium would reduce ther- 
mal conductivity of the ceramic thermal barrier coating 
by 21%. 

25 [0033] In a series of experiments nickel superalloy ar- 
ticles were coated with a MCrAlY bond coating by plas- 
ma spraying or by electron beam physical vapour dep- 
osition, and a ceramic thermal barrier coating was de- 
posited by electron beam physical vapour deposition 

30 onto the MCrAlY bond coats to produce an oxide inter- 
layer therebetween. 

[0034] The compositions of the source of the ceramic 
thermal barrier coating was varied and the thickness of 
the thermal barrier coating was varied to see the effect 

35 of thevariation of the composition of the ceramic thermal 
barrier coating. The composition of the source of the ce- 
ramic thermal barrier coating was varied by drilling a 
hole in a zirconia, 8wt% yttria source cylinder and by 
filling the hole with known amounts of erbia or ytterbia 

40 up to 25wt%, about 1 0mol%. The ceramic thermal bar- 
rier coatings were deposited at a rate of 3 micrometers 
per minute and thicknesses up to 550 micrometers were 
deposited. 



[0035] A ceramic thermal barrier coating comprising 
56.4wt% Zr, 19.1wt% O, 4.7wt% Y and 19.8wt% Er, 
equivalent to 31.2at% Zr, 60.2at% O, 2.7at% Y and 

so 6.0at% Er, was deposited onto the MCrAlY bond coat- 
ing. The ceramic thermal barrier coating comprises 
71 wt% zirconia, 6 wt% yttria and 23wt% erbia, which is 
equivalent to 87.8mol% zirconia, 3.8mol% yttria and 
8.4mol% erbia. The ceramic thermal barrier coating was 

55 de posited to a,th tckness_oL540-micrometers JEhathefc. 

mal conductivity of the ceramic thermal barrier coating 
was measured during a heating and a cooling cycle to 
1200°C and had a thermal conductivity of 1.56 W/mK 



45 EXAMPLE 1 
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during heating and 1 .75 W/mK during cooling. The ce- 
ramic thermal barrier coating has a cubic structure. 

EXAMPLE 2 

[0036] A ceramic thermal barrier coating comprising 
57.5wt% Zr, 18.4wt% O, 4.7wt% Y and 19.4wt% Er, 
equivalent to 32.3at% Zr, 59.0at% O, 2.7at% Y and 
6.0at% Er, was deposited onto the MCrAlY bond coat- 
ing. The ceramic thermal barrier coating comprises 
72wt% zirconia, 6 wt% yttria and 22wt% erbia, which is 
equivalent to 88.1 mol% zirconia, 3.7mol% yttria and 
8.2mol% erbia. The ceramic thermal barrier coating was 
deposited to a thickness of 76 micrometers. The thermal 
conductivity of the ceramic thermal barrier coating was 
measured during a heating and a cooling cycle to 
1200°C and had a thermal conductivity of 0.92 W/mK 
during heating and 0.98 W/mK during cooling. 
The ceramic thermal barrier coating has a cubic struc- 
ture. 

EXAMPLE 3 not in accordance with the invention 

[0037] A ceramic thermal barrier coating comprising 
61.2wt% Zr, 20.4wt% O, 4.8wt% Y and 13.7wt% Yb, 
equivalent to 32.3at% Zr, 61.3at% O, 2.6at% Y and 
3.8at% Yb, was deposited onto the MCrAIY bond coat- 
ing. The ceramic thermal barrier coating comprises 
78wt% zirconia, 6 wt% yttria and 16wt% ytterbia, which 
is equivalent to 91 .0mol% zirconia, 3.7mol% yttria and 
5.4mol% ytterbia. The ceramic thermal barrier coating 
was deposited to a thickness of 134 micrometers. The 
thermal conductivity of the ceramic thermal barrier coat- 
ing was measured during a heating and a cooling cycle 
to 1 200°C and had a thermal conductivity of 1 .44 W/mK 
during heating and 1 .50 W/mK during cooling. The ce- 
ramic thermal barrier coating has a cubic structure. 

EXAMPLE 4 not in accordance with the invention 

[0038] A conventional ceramic thermal barrier coating 
comprising zirconia 8wt% yttria was deposited onto the 
MCrAIY bond coating. The ceramic thermal barrier coat- 
ing was deposited to a thickness of 100 micrometers, 
103 micrometers and 313 micrometers respectively for 
comparison with Examples 1 to 3. The thermal conduc- 
tivity of the ceramic thermal barrier coatings was meas- 
ured during a heating cycle to 1 200° C and they had ther- 
mal conductivities of 1 .31 W/mK, 1 .01 W/mK and 1 .63 
W/mK respectively. The conventional ceramic thermal 
barrier coating has a tetragonal structure. 
[0039] It can be seen from Examples 1 to 4 that the 
measured thermal conductivity changes with the thick- 
ness of the ceramic thermal barrier coating, irrespective 
of the composition of the ceramic thermal barrier coat- 

-ing, 

[0040] We have found that in these examples for pure 
electron beam physical vapour deposited ceramic ther- 



mal barrier coatings there is a change in the morphology 
from confused growth mic restructure to columnar micro- 
structure at thicknesses around 100 micrometers. For 
thicknesses of ceramic thermal barrier coating less than 

5 about 1 00 micrometers the addition of the second oxide 
to the ceramic thermal barrier coating does not signifi- 
cantly effect the thermal conductivity. However for ce- 
ramic thermal barrier coatings thicker than about 100 
micrometers the addition of erbia or ytterbia clearly re- 

10 duces the thermal conductivity. The measured thermal 
conductivity for the ceramic thermal barrier coating in 
Example 1 is 1 .56 W/mK and this is 0.38 W/mK less than 
the predicted thermal conductivity of 1 .94 W/mK for zir- 
conia 8wt% yttria of 540 micrometers thickness. Such a 

'5 difference represents a 20% reduction in thermal con- 
ductivity, by doping zirconia 8wt% yttria with 23wt% er- 
bia or 8.4mol% erbia this is equivalent to 19.8wt% er- 
bium or 6.0at% erbium. 

[0041] The theory of thermal conductivity in crystalline 
20 solids is determined by the heat that is transferred by 
electrons, lattice vibrations and radiation. As zirconia 
and its alloys are electronic insulators, electrons play no 
part in the total thermal conductivity of a zirconia thermal 
barrier coating. The contribution to thermal conductivity 
25 ■ from lattice vibrations may also be described as phonon 
conductivity as the quanta of lattice vibrations are known 
as phonons. The contribution to thermal conductivity 
from radiation may also be described as photon conduc- 
tivity as the quanta of radiation are known as photons. 
30 [0042] it is believed that the addition of the erbium or 
ytterbium, in the form of erbia or ytterbia, to the yttria 
stabilised zirconia distorts the zirconia lattice, introduc- 
ing microstrain fields and providing a distribution of ions 
that have ionic radii greater than, ie different to, the ionic 
35 radius of the zirconium ion, and which act as scattering 
centres for phonons, and thus reduce phonon thermal 
conductivity. Other suitable metallic elements which 
form oxides and which have ions that have ionic radii 
greater than, different to, the ionic radius of the zirconi- 
40 urn ion, may be used, for example dysprosium (Dy), 
europium (Eu), gadolinium (Gd), neodymium (Nd), and 
praseodymium (Pr) may be added to the yttria stabilised 
zirconia to reduce phonon thermal conductivity, these 
metallic elements are added in the form of oxides. Ob- 
45 viously other stabilising oxides may be used, and the 
appropriate second oxide addition may be used. 
[0043] It is believed that the addition of erbia to the 
yttria stabilised zirconia also reduces the photon thermal 
conductivity. The erbia absorbs energy in the 0.3 to 5.0 
so microns waveband and this reduces the photon thermal 
conductivity because erbia is red. Other oxides which 
absorb energy in the 0.3 to 5.0 micrometers waveband 
may be used to reduce photon thermal conductivity, for 
example neodymia because neodymia is brown/yellow. 
55 [QQ44] Erbia and neodymia are ideals add ition.to.vttria 
stabilised zirconia to reduce the thermal conductivity of 
the ceramic thermal barrier coating because they re- 
duce the phonon thermal conductivity because the er- 
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bium ion and neodymium ion have an ionic radius great- 
er than, different to, the ionic radius of the zirconium ion, 
and they reduce the photon thermal conductivity be- 
cause erbia and neodymia absorb energy in the 0.3 to 
5.0 micrometers waveband. 

[0045] A third oxide is added to the ceramic thermal 
barrier coating which comprises yttria, zirconia and a 
second oxide to reduce the thermal conductivity. The 
third oxide is selected to absorb energy in the 0.3 to 5.0 
micrometers waveband, this reduces the photon ther- 
mal conductivity. At an operating temperature of 
1500°C, the peak intensity occurs at 0.9 micrometers 
wavelength. The third oxide preferably has a dark col- 
our, for example nickel oxide is green, cobalt oxide is 
blue/black andchromia is blue/black. Other third oxides 
which absorb energy in the 0.3 to 5.0 micrometers wave- 
band may be used to reduce photon thermal conductiv- 
ity. 

[0046] The addition of the second oxide in the exam- 
ples shown distributes the second oxide substantially 
evenly throughout the lattice structure of the ceramic 
thermal barrier coating. 

[0047] The invention is applicable to zirconia stabi- 
lised with other suitable oxides, such as magnesia, cal- 
cia, scandia or India. 

[0048] If ytterbia is used as the first oxide for stabilis- 
ing the zirconia, then ytterbia is not used as the second 
oxide. 

[0049] The invention is applicable to ceramic thermal 
barrier coatings applied by vapour deposition, for exam- 
ple chemical vapour deposition and physical vapour 
deposition, and to ceramic thermal barrier coatings ap- 
plied by plasma spraying. The preferred method of de- 
positing the ceramic thermal barrier coating is electron 
beam physical vapour deposition. The ceramic thermal 
barrier coating may be deposited by combustion chem- 
ical vapour deposition. 

[0050] If the ceramic thermal barrier coating is applied 
by physical vapour deposition, it may additionally be ap- 
plied by alternate deposition of layers by plasma assist- 
ed physical vapour deposition and by physical vapour 
deposition to modulate the structure of columnar grains 
to produce layers with different structure to reduce the 
thermal conductivity of the ceramic thermal barrier coat- 
ing. It may be possible to produce these layers by 
changes in the amount of plasma assistance, or bias, 
rather than by switching between no plasma assistance 
and plasma assistance. 

[0051] Any suitable amount of the second oxide may 
be used, for example it may be possible to use more 
than 25wt% and less than 5wt% and still obtain a reduc- 
tion in thermal conductivity of the ceramic thermal bar- 
rier coating. However it is preferred to use sufficient sec- 
ond oxide so that more than 2at% and less than 30at% 
of the zirconium ions are replaced by the metallic ion of 
-the-second-metallic'oxIderbecau^foT-adciitions above 
about 30at% of the metallic ion of the second metallic 
oxide the rate of decrease in thermal conductivity pro- 



gressively decreases. Preferably more than 4at% and 
less than 25 at% of the zirconium ions are replaced by 
the metallic ion of the second metallic oxide, more pref- 
erably more than 8at% and less than 20 at% of the zir- 
5 conium ions are replaced by the metallic ion of the sec- 
ond metallic oxide. Note that 2at% of the metallic ion of 
the second metallic oxide is equivalent to about 6-7wt% 
of the second metallic oxide, 4at% of the metallic ion of 
the second metallic oxide is equivalent to about 
10 16-17wt%ofthesecond metallic oxide, 8at% of the me- 
tallic ion of the second metallic oxide is equivalent to 
about 32wt% of the second metallic oxide, 20 at% of the 
metallic ion of the second metallic oxide is equivalent to 
about 64wt% of the second metallic oxide. 
15 [0052] It is preferred to select second metallic oxides, 
or third metallic oxides, which prevent or do not aid the 
sintering of the ceramic thermal barrier coating. Thus it 
is preferred that the second metallic oxide, or third me- 
tallic oxide, prevents sintering of the ceramic thermal 
barrier coating because the sintering of the ceramic 
thermal barrier coating causes all the small voids, or 
pores, in the ceramic thermal barrier coating to be con- 
solidated together to form a few larger voids or pores. It 
is believed that erbia, gadolinia, neodymia and ytterbia 
do not aid sintering or prevent sintering. 
[0053] It is to be noted that the second metallic ion of 
the second metallic oxide has an ionic radius different 
to the zirconium ion. Preferably the second metallic ion 
has an ionic radius greater than the ionic radius of the 
zirconium ion. The difference in ionic radius between the 
zirconium ion and the second metallic ion distorts the 
zirconia lattice structure and hence reduces phonon 
thermal conductivity. It is also preferred that the atomic 
mass of the second metallic ion is larger than that of the 
zirconium ion so that the second metallic ions act as 
scattering centres for phonons to reduce the phonon 
thermal conductivity. 

[0054] The use of the second metallic oxide or third 
metallic oxide which absorbs energy in the 0.3 microm- 
eters to 5 micrometers waveband reduces the photon 
thermal conductivity, this is of major importance for me- 
tallic articles which operate at high temperatures such 
as gas turbine engine turbine blades, turbine vanes and 
combustion chambers. 

[0055] The addition of the second oxide, which reduc- 
es phonon and photon thermal conductivity, enables the 
thickness of the ceramic thermal barrier coating to be 
reduced while achieving the same degree of thermal in- 
sulation. The addition of the second oxide, which reduc- 
es phonon thermal conductivity, and the third oxide, 
which reduces photon thermal conductivity, enables the 
thickness of the ceramic thermal barrier coating to be 
reduced while achieving the same degree of thermal in- 
sulation. Alternatively the same thickness of ceramic 
thermal barrier coatin g may be reta i n.e.d JxLachi e ve_a. 
greater degree of thermal insulation. 
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Claims 

1. A metallic article (10) comprising a bond coating 
(14,16) on the metallic article (10) and a ceramic 
thermal barrier coating (18) on the bond coating 
(1 4,1 6), heat being transported through the ceramic 
thermal barrier coating by phonon thermal conduc- 
tivity and photon thermal conductivity, the ceramic 
thermal barrier coating (18) comprising zirconia, a 
first suitable metallic oxide to stabilise the zirconia 
and a second metallic oxide to reduce the thermal 
conductivity of the ceramic thermal barrier coating 
(18), the metallic ion of the second metallic oxide 
having an ionic radius different to the ionic radius of 
the zirconium ion to reduce phonon thermal con- 
ductivity of the ceramic thermal barrier coating (18), 
the second metallic oxide is a different metallic ox- 
ide to the first metallic oxide, characterised in that 
the second metallic oxide is erbia or neodymia and 
the second metallic oxide absorbs energy in the 0.3 
micrometers to 5 micrometers waveband to reduce 
photon thermal conductivity of the ceramic thermal 
barrier coating (1 8) or the second metallic oxide is 
dysprosia, erbia, europia, gadolinia, neodymia, pra- 
seodymia or ytterbia and the ceramic thermal bar- 
rier coating (18) comprises a third metallic oxide 
which absorbs energy in the 0.3 micrometers to 5 
micrometers waveband to reduce photon thermal 
conductivity of the ceramic thermal barrier coating 
(18), the third metallic oxide is nickel oxide, cobalt 
oxide or chromium oxide, the third metallic oxide is 
a different metallic oxide to the first metallic oxide 
and to the second metallic oxide. 

2. A metallic article as claimed in claim 1 wherein the 
ceramic thermal barrier coating (1 8) comprises 4 to 
20wt% of the first metallic oxide, 5 to 25wt% of the 
second metallic oxide and the balance is zirconia 
plus incidental impurities. 

3. A metallic article as claimed in claim 1 wherein the 
ceramic thermal barrier coating (1 8) comprises 2 to 
25mol% of the second metallic oxide. 

4. A metallic article as claimed in claim 1 wherein the 
ceramic thermal barrier coating (18) comprises 
2at% to 25at% of the metallic ion of the second me- 
tallic oxide. 

5. A metallic article as claimed in any of claim 1 to 4 
wherein the first metallic oxide is yttria, calcia, ceria, 
magnesia, india, scandia or ytterbia. 

6. A metallic article as claimed in any of claims 1 to 5 
wherein the bond coating comprises a metal oxide 

layert44)WtheTr^ ' 

7. A metallic article as claimed in any of claims 1 to 6 



wherein the bond coating comprises an aluminide, 
a platinum, aluminide, an McrAlY alloy or other alu- 
minium containing alloy coating (1 4) on the metallic 
article (10) and a metallic oxide layer (16) on the 
5 bond coating (14). 

8. A metallic article as claimed in any of claims 1 to 6 
wherein the bond coating comprises an aluminium 
containing alloy coating (24) on the metallic article 

10 (20), a platinum enriched aluminium containing al- 
loy layer (26) on the aluminium containing alloy 
coating (24), a platinum aluminide coating (28) on 
the platinum enriched aluminium containing alloy 
layer (26) and an alumina layer (32) on the platinum 
15 aluminide coating (28). 

9. A metallic article as claimed in any of claims 1 to 6 
wherein the bond coating comprises a platinum en- 
riched outer layer (54) on the metallic article (50) 

20 and a metallic oxide layer (56) on the platinum en- 
riched outer layer (54) of the metallic article (50). 

10. A metallic article as claimed in any of claims 1 to 9 
wherein the metallic article (10) comprises a nickel 

25 superalloy or a cobalt superalloy. 

1 1 . A metallic article as claimed in any of claims 1 to 1 0 
wherein the ceramic thermal barrier coating (18) 
has columnar grains. 

30 

1 2. A metallic article as claimed in claim 1 1 wherein the 
columnar grains have alternate layers with different 
structure to reduce thermal conductivity. 

35 13. A metallic article as claimed in any of claims 1 to 12 
wherein the ceramic thermal barrier coating is at 
least 100 microns thick. 

1 4. A method of applying a thermal barrier coating to a 

40 metallic article (10), comprising the steps of: form- 
ing a bond coating (14,16) on the metallic article 
(1 0), applying a ceramic thermal barriercoating (1 8) 
to the bond coating (14,16), heat being transported 
through the ceramic thermal barrier coating by pho- 

45 non thermal conductivity and photon thermal con- 
ductivity, the ceramic thermal barrier coating (18) 
comprising zirconia, a first metallic oxide to stabilise 
the zirconia and a second metallic oxide to reduce 
the thermal conductivity of the ceramic thermal bar- 

50 rier coating (18), the metallic ion of the second me- 
tallic oxide having an ionic radius different to the ion- 
ic radius of the zirconium ion to reduce phonon ther- 
mal conductivity of the ceramic thermal barrier coat- 
ing (1 8), the second metallic oxide is a different me- 

55 tallic oxide to the first metallic oxide, characterised 
in that the second metallic oxide is erbia or neo- 
dymia and the second metallic oxide absorbs ener- 
gy in the 0.3 micrometers to 5 micrometers wave- 
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band to reduce photon thermal conductivity of the 
ceramic thermal barrier coating (18) or the second 
metallic oxide is dysprosia, erbia, europia, gadolin- 
ia, neodymia, praseodymia or ytterbia and the ce- 
ramic thermal barrier coating (1 8) comprises a third 
metallic oxide which absorbs energy in the 0.3 mi- 
crometers to 5 micrometers waveband to reduce 
photon thermal conductivity of the ceramic thermal 
barrier coating (1 8), the third metallic oxide is nickel 
oxide, cobalt oxide or chromium oxide, the third me- 
tallic oxide is a different metallic oxide to the first 
metallic oxide and to the second metallic oxide. 

15. A method as claimed in claim 14 comprising apply- 
ing a ceramic thermal barrier coating (18) compris- 
es 4 to 20wt% of the first metallic oxide, 5 to 25wt% 
of the second metallic oxide and the balance is zir- 
conia plus incidental impurities. 

16. A method as claimed in claim 14 comprising apply- 
ing a ceramic thermal barrier coating (18) compris- 
es 2 to 25mol% of the second metallic oxide. 

17. A metallic article as claimed in claim 1 4 wherein the 
ceramic thermal barrier coating (18) comprises 
2at% to 25at% of the metallic ion of the second me- 
tallic oxide. 

18. A method as claimed in any of claims 14 to 17 
wherein the first metallic oxide is yttria, calcia, ceria, 
magnesia, india, scandia or ytterbia. 

19. A method as claimed in any of claims 1 4 to 1 8 com- 
prising oxidising the metallic article (40) to form a 
bond coating comprising a metal oxide layer (4$) on 
the metallic article (44). 

20. A method as claimed in any of claims 1 4 to 1 8 com- 
prising applying an aluminide, a platinum aluminide, 
an MCrAlY alloy or other aluminium containing alloy 
bond coating (14) to the metallic article (10) and 
forming a metallic oxide layer (1 6) on the bond coat- 
ing (14). 

21 . A method as claimed in any of claims 1 4 to 1 8 com- 
prising applying an aluminium containing alloy coat- 
ing (24) on the metallic article (20), forming a plati- 
num enriched aluminium containing alloy layer (26) 
on the aluminium containing alloy coating (24), 
forming a platinum aluminide coating (28) on the 
platinum enriched aluminium containing alloy layer 
(26) and forming an alumina layer (32) on the plat- 
inum aluminide coating (28). 



(54) of the metallic article (50). 

23. A method as claimed in any of claims 14 to 18 
wherein the metallic article (10) comprises a nickel 

5 superalloy or a cobalt superalloy. 

24. A method as claimed in any of claims 1 4 to 23 com- 
prising applying the ceramic thermal barrier coating 
(18) by vapour deposition to produce columnar 

10 grains in the ceramic thermal barrier coating (1 8). 

25. A method as claimed in claim 24 comprising apply- 
ing the ceramic thermal barrier coating (18) by 
physical vapour deposition. 
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26. A method as claimed in claim 24 or claim 25 com- 
prising applying the ceramic thermal barrier coating 
(1 8) by alternate plasma assisted vapour deposition 
and vapour deposition. 

27. A method as claimed in any of claims 1 4 to 26 com- 
prising applying the ceramic thermal barrier coating 
(18) to a thickness of a least 100 micrometers. 



22. A method as claimed in any of claims 1 4 to 1 8 com- 

prising4orming^-pratinum"enriched^outerlayeTf54) - 

on the metallic article (50) and forming a metallic 
oxide layer (56) on the platinum enriched outer layer 



Patentansp ruche 

1. Metallischer Gegenstand (10) mit einem Verbund- 
uberzug (14, 1 6) auf dem metallischen Gegenstand 

30 (10) und mit einem keramischen Warmeschutz- 
uberzug (1 8) auf dem Verbunduberzug (1 4, 1 6), bei 
welchem die Hitze durch den keramischen Warme- 
schutzuberzug durch thermische Phononen-Leitfa- 
higkeit und thermische Photonen-Leitfahigkeit 

35 ubertragen wird und der keramische Warmeschutz- 
uberzug (1 8) folgende Bestandteile aufweist: Zirko- 
niumoxid, ein erstes geeignetes metallisches Oxid 
zurStabilisierung des Zirkoniumoxids und ein zwei- 
tes metallisches Oxid zur Verminderung derthermi- 

40 schen Leitfahigkeit des keramischen Warme- 
schutzuberzugs (1 8), wobei das metallische Ion des 
zweiten metallischen Oxids einen lonenradius auf- 
weist, derunterschiedlich istgegenuberdem lonen- 
radius des Zirkonium-lons, um die thermische Pho- 

45 nonen-Leitfahigkeit des keramischen Warme- 
schutzuberzugs (1 8) zu vermindern und wobei das 
zweite metallische Oxid ein gegenuber dem ersten 
metallischen Oxid unterschiedliches metallisches 
Oxid ist, 

so dadurch gekennzeichnet, daB das zweite metal- 
lische Oxid Erbiumoxid oder Neodymoxid ist und 
das zweite metallische Oxid Energie in einem Wel- 
lenband zwischen 0,3 Mikrometern und 5 Mikrome- 
tern absorbiert, um die thermische Photonen-Leit- 

ss fahigkeit des keramischen Warmeschutz uberzugs 
(18) zu vermindern oder dadurch gekennzeich- 
net, daB das zweite metallische Oxid Dysprosium- 
oxid, Erbiumoxid, Europiumoxid, Gadoliniumoxid, 
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Neodymoxid, Praseodymoxid oder Ytterbiumoxid 
ist und der keramische Warmeschutzuberzug (18) 
ein drittes metallisches Oxid aufweist, das Energie 
in einem Wellenband zwischen 0, 3 Mikrometern 
und 5 Mikrometern absorbiert, urn die thermische 5 
Photonen-Leitfahigkeit des keramischen Warme- 
schutzuberzugs (1 8) zu vermindern, wobei das drit- 
te metaiiische Oxid Nickeloxid, Kobaltoxid oder 
Chromoxid ist und das dritte metaiiische Oxid ein 
gegenuber dem ersten metallischen Oxid und ge- 10 
genuber dem zweiten metallischen Oxid unter- 
schiedliches metallisches Oxid ist. 

2. Metallischer Gegenstand nach Anspruch 1 , bei wel- 
chem der keramische Warmeschutzuberzug (1 8) 4 15 
bis 20 Gew. % des ersten metallischen Oxids, 5 bis 

25 Gew. % des zweiten metallischen Oxids und als 
Rest Zirkoniumoxid plus zufallige Verunreinigun- 
gen enthalt. 

20 

3. MetallischerGegenstand nach Anspruch 1 , bei wel- 
chem der keramische Warmeschutzuberzug (1 8) 2 
bis 25 mol % des zweiten metallischen Oxids ent- 
halt. 

25 

4. Metallischer Gegenstand nach Anspruch 1 , bei wel- 
chem der keramische Warmeschutzuberzug (1 8) 2 
at % bis 25 at % der metallischen lonen des zweiten 
metallischen Oxids enthalt. 

30 

5. Metallischer Gegenstand nach einem der Ansprii- 
che 1 bis 4, bei welchem das erste metaiiische Oxid 
Yttriumoxid, Calciumoxid, Ceroxid, Magnesium- 
oxid, Indiumoxid, Scandiumoxid oder Ytterbium- 
oxid ist. 35 

6. Metallischer Gegenstand nach einem der Ansprii- 
che 1 bis 5, bei welchem der Verbundiiberzug eine 
Metalloxidschicht (44) auf dem metallischen Ge- 
genstand (40) aufweist. *o 

7. Metallischer Gegenstand nach einem der Anspru- 
che 1 bis 6, bei welchem der Verbundiiberzug ein 
Aluminid, ein Platin-Aluminid, eine MCrAIY-Legie- 
rung oder einen anderen Aluminium enthaltenden 45 
Legierungsiiberzug (14) auf dem metallischen Ge- 
genstand (10) und eine metaiiische Oxidschicht 
(16) auf dem Verbundiiberzug (14) aufweist. 

8. Metallischer Gegenstand nach einem der Ansprii- so 
che 1 bis 6, bei welchem der Verbundiiberzug einen 
Aluminium enthaltenden Legierungsiiberzug (24) 

auf dem metallischen Gegenstand (20), eine mit 
Platin angereicherte Aluminium enthaltende Legie- 
rungsschicht (26) auf dem Aluminium enthaltenden 55 
Lgq ierunqsube rzug-(24X_einen— Platin-AJumintd= 



Uberzug (28) auf der mit Platin angereicherten Alu- 
minium enthaltenden Legierungsschicht (26) und 



eine Aluminiumoxidschicht (32) auf dem Platin-Alu- 
minid-Uberzug (28) aufweist. 

9. Metallischer Gegenstand nach einem der Ansprii- 
che 1 bis 6, bei welchem der Verbundiiberzug eine 
mit Platin angereicherte auBere Schicht (54) auf 
dem metallischen Gegenstand (50) und eine metai- 
iische Oxidschicht (56) auf der mit Platin angerei- 
cherten auBeren Schicht (54) des metallischen Ge- 
genstandes (50) aufweist. 

10. Metallischer Gegenstand nach einem der Anspru- 
che 1 bis 9, bei welchem der metaiiische Gegen- 
stand (10) eine Nickel-Superlegierung oder eine 
Kobalt-Superlegierung ist. 

11. Metallischer Gegenstand nach einem der Ansprti- 
che 1 bis 10, bei welchem der keramische Warme- 
schutzuberzug (1 8) eine Stengelstruktur aufweist. 

12. Metallischer Gegenstand nach Anspruch 11, bei 
welchem die Stengelstruktur abwechselnde 
Schichten mit unterschiedlicher Struktur aufweist, 
urn die thermische Leitfahigkeit zu vermindern. 

13. Metallischer Gegenstand nach einem der Ansprii- 
che 1 bis 12, bei welchem der keramische Warme- 
schutzuberzug wenigstens 1 00 Mikrometer dick ist. 

14. Verfahren zum Aufbringen eines Warmeschutz- 
uberzuges auf einem metallischen Gegenstand 
(10) mit den folgenden Schritten: es wird ein Ver- 
bundiiberzug (14, 16) auf dem metallischen Gegen- 
stand (10) gebildet; es wird ein keramischer War- 
meschutzuberzug (18) auf den Verbundiiberzug 
(1 4, 1 6) aufgebracht; die Warme wird durch den ke- 
ramischen Warmeschutzuberzug durch thermische 
Phononen-Leitfahigkeit und thermische Photonen- 
Leitfahigkeit ubertragen; der keramische Warme- 
schutzuberzug (18) weist Zirkoniumoxid, ein erstes 
metallisches Oxid zur Stabilisierung derZirkonium- 
oxids und ein zweites metallisches Oxid auf, um die 
thermische Leitfahigkeit des keramischen Warme- 
schutzuberzugs (18) zu vermindern; die metalli- 
schen lonen des zweiten metallischen Oxids besit- 
zen einen lonenradius, der unterschiedlich ist von 
dem lonenradius des Zirkonium-lons, um die ther- 
mische Phononen-Leitfahigkeit des keramischen 
Warmeschutzuberzugs (18) zu vermindern; das 
zweite metaiiische Oxid ist ein gegenuber dem er- 
sten metallischen Oxid unterschiedliches Metallo- 
xid, 

dadurch gekennzeichnet, daB das zweite metai- 
iische Oxid Erbiumoxid oder Neodymoxid ist und 
das zweite metaiiische Oxid Ener g ie in einem_W .el- 
leTib^hlfzwischen 0,3 Mikrometern und 5 Mikrome- 
tern absorbiert, um die thermische Photonen-Leit- 
fahigkeit des keramischen Warmeschutzuberzugs 
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(18) zu vermindern Oder dadurch gekennzeich- 
net, dali das zweite metallische Oxid Dysprosium- 
oxid, Erbiumoxid, Europiumoxid, Gadoliniumoxid, 
Neodymoxid, Praseodymoxid oder Ytterbiumoxid 
ist und daB der keramische Warmeschutzuberzug 
(1 8) ein drittes metallisches Oxid aufweist, welches 
Energie in einem Wellenband zwischen 0,3 Mikro- 
metern und 5 Mikrometern absorbiert, um die ther- 
mische Photonen-Leitfahigkeit des keramischen 
Warmeschutzuberzugs (18) zu verringern, daB das 
dritte metallische Oxid Nickeloxid, Kobaltoxid oder 
Chromoxid ist und daB das dritte metallische Oxid 
ein gegenuber dem ersten metallischen Oxid und 
dem zweiten metallischen Oxid unterschiedliches 
metallisches Oxid ist. 

1 5. Verfahren nach Anspruch 1 4, bei welchem der auf- 
gebrachte keramische Warmeschutzuberzug (1 8) 4 
bis 20 Gew. % des ersten Oxids, 5 bis 25 Gew. % 
des zweiten metallischen Oxids und als Rest Zirko- 
niumoxid plus zufallige Verunreinigungen enthalt. 

16. Verfahren nach Anspruch 14, bei welchem der auf- 
gebrachte keramische Warmeschutzuberzug (1 8) 2 
bis 25 mol % des zweiten metallischen Oxids auf- 
weist. 

17. Verfahren nach Anspruch 14, bei welchem der ke- 
ramische Warmeschutzuberzug (18) 2 at % bis 25 
at % der metallischen lonen des zweiten metalli- 
schen Oxids enthalt. 

18. Verfahren nach einem der Anspruche 14 bis 1 7, bei 
welchem das erste metallische Oxid Yttriumoxid, 
Calciumoxid, Ceroxid, Magnesiumoxid, Indium- 
oxid, Scandiumoxid oder Ytterbiumoxid ist. 

19. Verfahren nach einem der Anspruche 14 bis 18, bei 
welchem der metallische Gegenstand (40) oxidiert 
wird, um einen Verbundiiberzug, bestehend aus ei- 
ner Metalloxidschicht (44), auf dem metallischen 
Gegenstand (40) zu schaffen. 

20. Verfahren nach einem der Anspruche 1 4 bis 1 8, bei 
welchem auf dem metallischen Gegenstand (10) 
ein Aluminid, ein Platin-Aluminid, eine McrAIY-Le- 
gierung oder ein anderer Aluminium enthaltender 
Legierungs-Verbunduberzug (14) aufgebracht wird 
und eine metallische Oxidschicht (1 6) auf dem Ver- 
bundiiberzug (14) gebildet wird. 

21. Verfahren nach einem der Anspruche 14 bis 18, bei 
welchem ein Aluminium enthaltender Legierungs- 
uberzug (24) auf dem metallischen Gegenstand 
(20) aufgebracht wird und eine mit Platin angerei- 

cherte-Aluminium-enthaltende-tegierungsschlcfir 

(26) auf dem Aluminium enthaltenden Legierungs- 
iiberzug (24) aufgebracht wird und ein Platin-Alu- 



minid-Uberzug (28) auf der mit Platin angereicher- 
ten Aluminium enthaltenden Legierungsschicht 
(26) abgelagert wird und eine Aluminiumoxid- 
schicht (32) auf den Platin-Aluminid-Uberzug (28) 
5 aufgebracht wird. 

22. Verfahren nach einem der Anspruche 14 bis 18, bei 
welchem eine mit Platin angereicherte auBere 
Schicht (54) auf dem metallischen Gegenstand (50) 

10 aufgebracht und eine Metalloxidschicht (56) auf der 
mit Platin angereicherten auBeren Schicht (54) des 
metallischen Gegenstandes (50) erzeugt wird. 

23. Verfahren nach einem der Anspruche 1 4 bis 1 8, bei 
15 welchem der metallische Gegenstand (10) aus ei- 

ner Nickel-Superlegierung oder einer Kobalt-Su- 
perlegierung besteht. 

24. Verfahren nach einem der Anspruche 1 4 bis 23, bei 
20 welchem der keramische Warmeschutzuberzug 

(18) durch Dampfablagerung erzeugt wird, um eine 
Stengelstruktur in dem keramischen Warmeschutz- 
uberzug (18) zu erzeugen. 

25 25. Verfahren nach Anspruch 24, bei welchem der ke- 
ramische Warmeschutzuberzug (18) durch physi- 
kalische Dampfablagerung erzeugt wird. 

26. Verfahren nach Anspruch 24 oder 25, bei welchem 
30 der keramische Warmeschutzuberzug (18) durch 

abwechselndes plasmaunterstutztes Dampfabla- 
gem und eine Dampfablagerung erfolgt. 

27. Verfahren nach einem der Anspruche 1 4 bis 26, bei 
35 welchem der keramische Warmeschutzuberzug 

(18) bis zu einer Dicke von wenigstens 100 Mikro- 
metern aufgetragen wird. 



40 Revendications 

1 . Article metallique (1 0) comprenant un support d'en- 
collage (1 4, 1 6) sur Particle metallique (1 0) et un re- 
vetement cyramique faisant barriere thermique (18) 

45 sur le support d'encollage (14, 16), lachaleuretant 
transportee a travers le revetement ceramique fai- 
sant barriere thermique par la conductivity thermi- 
que des phonons et la conductivity thermique des 
photons, le revetement ceramique faisant barriere 

50 thermique (18) comprenant le zircone, un premier 
oxyde metallique adequat de maniere a stabiliser le 
zircone et un deuxieme oxyde metallique afin de re- 
duire la conductivity thermique du revetement ce- 
ramique faisant barriere thermique (1 8), I'ion metal- 

55 li que du deuxieme oxyde metallique avant un.rav.on 
ionique different du rayon ionique de I'ion zirconium 
afin de reduire la conductivity thermique des pho- 
nons du revetement ceramique faisant barriere 
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thermique (18), le deuxieme oxyde metallique est 
un oxyde metallique different du premier oxyde m6- 
tallique, caracterise en ce que le deuxieme oxyde 
metallique est I'oxyde d'erbium ou Poxyde de neo- 
dyme et le deuxieme oxyde metallique absorbe 5 
Penergie dans la gamme d'ondes allant de 0 S 3 mi- 
crometres a 5 micrometres afin de reduire la con- 
ductivite thermique des photons du revetement c§- 
ramique faisant barriere thermique (18) ou le 
deuxieme oxyde metallique est I'oxyde de dyspro- 10 
sium, I'oxyde d'erbium, I'oxyde d'europium, I'oxyde 
de gadolinium, I'oxyde de neodyme, I'oxyde de pra- 
seodyme ou I'oxyde d'ytterbium et le revetement 
ceramique faisant barriere thermique (18) com- 
prend un troisieme oxyde metallique qui absorbe 15 
I'energie dans la gamme d'ondes allant de 0,3 mi- 
crometres a 5 micrometres afin de reduire la con- 
ductivity thermique des photons du revetement ce- 
ramique faisant barriere thermique (18), le troisie- 
me oxyde metallique est I'oxyde de nickel, I'oxyde 20 
de cobalt ou I'oxyde de chrome, le troisieme oxyde 
metallique est un oxyde metallique different du pre- 
mier oxyde metallique et du deuxieme oxyde me- 
tallique. 

25 

2. Article metallique selon la revendication 1 , dans le- 
quel le revetement ceramique faisant barriere ther- 
mique (1 8) comprend de 4 a 20 % en poids du pre- 
mier oxyde metallique, de 5 a 25 % en poids du 
deuxieme oxyde metallique et requilibre est assure 30 
par le zircone plus les impuretes incidentes. 



contenant de Paluminium (14) sur Particle metalli- 
que (10) et une couche d'un oxyde metallique (16) 
sur le support d'encollage (14). 

8. Article metallique selon I'une quelconque des re- 
vendications 1 a 6, dans lequel le support d'encol- 
lage comprend un depot d'alliages contenant de 
Paluminium (24) sur Particle metallique (20), une 
couche d'alliages contenant de Paluminium enrichi 
au platine (26) sur le d6p6t d'alliages contenant de 
Paluminium (24), un depot d'aluminide de platine 
(28) sur la couche d'alliages contenant de Palumi- 
nium enrichi au platine (26) et une couche d'alumine 
(32) sur le depot d'aluminide de platine (28). 

9. Article metallique selon Pune quelconque des re- 
vendications 1 a 6, dans lequel le support d'encol- 
lage comprend une couche externe enrichie au pla- 
tine (54) sur Particle metallique (50) et une couche 
d'un oxyde metallique (56) sur la couche externe 
enrichie au platine (54) de Particle metallique (50). 

10. Article metallique selon Pune quelconque des re- 
vendications 1 a 9, dans lequel Particle metallique 
(10) comprend un superalliage de nickel ou un su- 
peralliage de cobalt. 

11. Article metallique selon I'une quelconque des re- 
vendications 1 a 10, dans lequel le revetement ce- 
ramique faisant barriere thermique (18) comprend 
des grains en forme de colonnes. 



3. Article metallique selon la revendication 1 , dans le- 
quel le revetement ceramique faisant barriere ther- 
mique (1 8) comprend de 2 a 25 % mol du deuxieme 
oxyde metallique. 

4. Article metallique selon la revendication 1 , dans le- 
quel le revetement ceramique faisant barriere ther- 
mique (18) comprend de 2 % atm a 25 % atm de 
Pion metallique du deuxieme oxyde metallique. 

5. Article metallique selon I'une quelconque des re- 
vendications 1 a 4, dans lequel le premier oxyde 
metallique est I'oxyde d'yttri urn, I'oxyde de calcium, 
I'oxyde de cerium, I'oxyde de magnesium, I'oxyde 
d'indium, I'oxyde de scandium ou I'oxyde d'ytter- 
bium. 

6. Article metallique selon Pune quelconque des re- 
vendications 1 a 5, dans lequel le support d'encol- 
lage comprend une couche d'un oxyde de metal 
(44) sur Particle metallique (40). 

7. Article metallique selon Pune quelconque des re- 
^vendieationsM^-erdans^lequelle-supp^^d'eficol" 

lage comprend un aluminide, un platine, un alumi- 
nide, un alliage McrAlY ou un autre depot d'alliages 



12. Article metallique selon la revendication 11, dans 
lequel les grains en forme de colonnes presentent 

35 une alternance de couches ayant une structure dif- 
ferente afin de reduire la conductivity thermique. 

13. Article metallique selon I'une quelconque des re- 
vendications 1 a 12, dans lequel le revetement ce- 

40 ramique faisant barriere thermique a une epaisseur 
d'au moins 100 microns. 

14. Methode d'application d'un revetement faisant bar- 
riere thermique sur un article metallique (1 0), com- 

45 prenant les etapes de : - formation d'un support 
d'encollage (14, 16) sur Particle metallique (10), - 
application d'un revetement ceramique faisant bar- 
riere thermique (1 8) sur le support d'encollage (1 4, 
16), la chaleur etant transportee a travers le reve- 
50 tement ceramique faisant barriere thermique par la 
conductivite thermique des phonons et la conducti- 
vite thermique des photons, le revetement cerami- 
que faisant barriere thermique (18) comprenant le 
zircone, un premier oxyde metallique adequat de 
5 5 maniere a stabiliser le zircone et_un -dftuxieme_oxv=. 
de metallique afin de reduire la conductivite thermi- 
que du revetement ceramique faisant barriere ther- 
mique (1 8), I'ion metallique du deuxieme oxyde me- 
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tallique ay ant un rayon ionique different du rayon 
ionique de I'ion zirconium afin de reduire la conduc- 
tivity thermique des phonons du revetement cera- 
mique faisant barriere thermique (18), le deuxieme 
oxyde metallique est un oxyde metallique different 
du premier oxyde metallique, caracterise en ce 
que le deuxieme oxyde metallique est I'oxyde d'er- 
bium ou I'oxyde de neodyme et le deuxieme oxyde 
metallique absorbe I'energie dans la gamme d'on- 
des allant de 0,3 micrometres a 5 micrometres afin 
de reduire la conductivity thermique des photons du 
revetement ceramique faisant barriere thermique 
(18) ou le deuxieme oxyde metallique est I'oxyde 
de dysprosium, I'oxyde d'erbium, I'oxyde d'euro- 
pium, I'oxyde de gadolinium, I'oxyde de neodyme, 
I'oxyde de praseodyme ou I'oxyde d'ytterbium et le 
revetement ceramique faisant barriere thermique 
(18) comprend un troisieme oxyde metallique qui 
absorbe I'energie dans la gamme d'ondes allant de 
0,3 micrometres a 5 micrometres afin de reduire la 
conductivity thermique des photons du revetement 
ceramique faisant barriere thermique (18), le troi- 
sieme oxyde metallique est I'oxyde de nickel, I'oxy- 
de de cobalt ou I'oxyde de chrome, le troisieme oxy- 
de metallique est un oxyde metallique different du 
premier oxyde metallique et du deuxieme oxyde 
metallique. 

1 5. Methode selon la revendication 1 4 comprenant Tap- 
plication d'un revetement ceramique faisant barrie- 
re thermique (18) qui comprend de 4 a 20 % en 
poids du premier oxyde metallique, de 5 a 25 % en 
poids du deuxieme oxyde metallique et I'equilibre 
est assure par le zircone plus les impuretes inciden- 
tes. 

1 6. Methode selon la revendication 1 4 comprenant ('ap- 
plication d'un revetement ceramique faisant barrie- 
re thermique (1 8) qui comprend de 2 a 25 % mol du 
deuxieme oxyde metallique. 

17. Article metallique selon la revendication 14, dans 
lequel le revetement ceramique faisant barriere 
thermique (18) comprend de 2 % atm a 25 % atm 
de I'ion metallique du deuxieme oxyde metallique. 

18. Methode selon Tune quelconque des revendica- 
tions 14 a 17, dans lequel le premier oxyde metal- 
lique est I'oxyde dyttrium, I'oxyde de calcium, I'oxy- 
de de cerium, I'oxyde de magnesium, I'oxyde d'in- 
dium, I'oxyde de scandium ou I'oxyde d'ytterbium. 

19. Methode selon Tune quelconque des revendica- 
tions 14 a 1 8 comprenant I'oxydation de Particle me- 
tallique (40) de maniere a former un support d'en- 
collage comprenant une couche .dlun.oxvde~de-m£ 
tal (44) sur I'article metallique (40). 



20. Methode selon I'une quelconque des revendica- 
tions 14 a 18 comprenant I'application d'un alumi- 
nide, un aluminide de platine, un alliage McrAlY ou 
d'un autre depot d'alliages contenant de I'aluminium 

5 (1 4) sur I'article metallique (1 0) et la formation d'une 
couche d'un oxyde metallique (16) sur le support 
d'encollage (14). 

21. Methode selon I'une quelconque des revendica- 
10 tions 14 a 18 comprenant I'application d'un depot 

d'alliages contenant de I'aluminium (24) sur I'article 
metallique (20), la formation d'une couche d'allia- 
ges contenant de I'aluminium enrichi au platine (26) 
sur le depot d'alliages contenant de I'aluminium 
15 (24), la formation d'un depot d'aluminide de platine 
(28) sur la couche d'alliages contenant de I'alumi- 
nium enrichi au platine (26) et la formation d'une 
couche d'alumine (32) sur le depot d'aluminide de 
platine (28). 

20 

22. Methode selon I'une quelconque des revendica- 
tions 1 4 a 1 8 comprenant la formation d'une couche 
externe enrichie au platine (54) sur I'article metalli- 
que (50) et la formation d'une couche d'un oxyde 

25 metallique (56) sur la couche externe enrichie au 
platine (54) de Particle metallique (50). 

23. Methode selon I'une quelconque des revendica- 
tions 14 a 18, dans lequel I'article metallique (10) 

30 comprend un superalliage de nickel ou un superal- 
liage de cobalt. 

24. Methode selon I'une quelconque des revendica- 
tions 14 a 23 comprenant I'application du revete- 

35 ment ceramique faisant barriere thermique (1 8) par 
deposition sous vide de maniere a produire des 
grains en forme de colon nes dans le revetement ce- 
ramique faisant barriere thermique (1 8). 

40 25. Methode selon la revendication 24 comprenant I'ap- 
plication du revetement ceramique faisant barriere 
thermique (1 8) par depot physique en phase gazeu- 
se. 

45 26. Methode selon la revendication 24 ou la revendica- 
tion 25 comprenant I'application du revetement ce- 
ramique faisant barriere thermique (1 8) en alternant 
le depot physique en phase gazeuse assiste de la 
projection au plasma et le depot physique en phase 

so gazeuse seul. 

27. Methode selon I'une quelconque des revendica- 
tions 14 a 26 comprenant ('application du revete- 
ment ceramique faisant barriere thermique (1 8) sur 
une epaisseur d'au moins 1 00 micrometres. 



12 



EP 0 825 271 B1 



Fig.1. 
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Fig.3. 




Fig.4. 
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